Involvement of the N- and C-terminal fragments of bovine pancreatic deoxyribonuclease in active protein folding.
The three-dimensional structure of bovine pancreatic (bp) DNase revealed that its N- and C-termini form an antiparallel beta-sheet structure. The involvement of this beta-sheet structure in the active protein folding of bpDNase was thus investigated via a series of deletion and substitution variants. Several substitution variants of N-terminal Leu1 and C-terminal Leu259, and one variant with only the last Thr260 deleted, remained fully active. However, the other deletion variants, in which 2-10 amino acid residues were removed from the C- or N-terminus, all lost the DNase activity. The results indicated that the backbone hydrogen bonding in the antiparallel beta-sheet, rather than the side-chain interactions, is crucial for the correct protein folding. When the deletion variants were complemented with synthetic peptides of the deleted N- or C-terminal sequences, the DNase activity was generated. The highest DNase activity was generated when the C-terminal 10-residue-deleted brDNase(Delta251-260) was admixed with the C-terminal 10-residue peptide (peptide C10) in a molar ratio of 1:400. The noncovalent binding between brDNase(Delta251-260) and peptide C10 exhibited a dissociation constant of 48 microM. Circular dichroism spectra showed that the deletion variants were partially folded with mainly helical structures and that admixture with corresponding peptides facilitated their folding into the nativelike beta-sheet-rich structure. Thermal denaturation profiles also revealed that the transition temperature for brDNase(Delta251-260) was increased from 55 to 63 degrees C after incubation with peptide C10. The folding activation process for the deletion variant occurred in two stages, and Ca(2+) was required.